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ABSTRACT  
  
  
Calcium phosphate (CaP) usually been used for bone implant application due to the 
similarity mineral in natural bone and it is bioactive and biocompatible material. However, 
CaP has low mechanical strength under load bearing condition and limited on certain 
application only. Therefore, sodium alginate (SA), a natural polymer is combined with 
CaP and doped with magnesium (Mg) to improve the properties of the CaP. CaP/SA 
biocomposite was successfully prepared by using precipitation method with different ratio 
of CaP/SA (100/0, 99/1, 97/3, 95/5, 90/10, and 80/20). 95/5 ratio of CaP/SA which the 
optimum properties of density, hardness, and microstructure analysis was selected to 
doped with Mg. The composite was then doped with different weight percentage of Mg 
(0 wt%, 1.0 wt%, 1.5 wt%, and 2.0 wt%) by using similar method. From FTIR analysis, 
the addition of Mg in CaP was observed decreasing the phosphate group intensity due to 
substitution of Mg in CaP that also supported in XRD analysis where new phase was 
formed in Mg doping that belongs to Mg-whitlockite (Ca2.71Mg0.29(PO4)2. Furthermore, 
the addition of SA and Mg was confirmed by EDS analysis where the mass percentage of 
these elements were increased as increasing the SA and Mg content. Microstructure from 
SEM has shown formation small and large grain with average grain size obtained 2.61 µm 
which leds to the strong bonding resulted maximum hardness at 5.34GPa after doped with 
1.5wt%. The density also improved at similar weight percentage with 2.92g/cm3. From 
the result, 1.5wt% Mg that has been doped with 95/5 CaP/SA was showed the best 
combination based on physical and mechanical properties.  
ABSTRAK  
  
  
Kalsium fosfat (CaP) selalu digunakan dalam aplikasi implan tulang disebabkan 
mempunyai kandungan mineral yang sama dengan tulang dan ia juga adalah bahan 
bioaktif dan biokompatibel. Walaubagaimanapun, CaP mempunyai kekuatan mekanikal 
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yang rendah membuatkan ia terhad untuk sesetengah aplikasi sahaja. Oleh itu, natrium 
alginat (SA) iaitu polimer semulajadi digunakan untuk dicampurkan bersama CaP dan 
kemudian didopedkan dengan Mg untuk meningkatkan sifat-sifat CaP. CaP/SA 
biokomposit berjaya disediakan dengan menggunakan kaedah pemendakkan dengan nilai 
nisbah yang berbeza (100/0, 99/1, 97/3, 95/5, 90/10, dan 80/20). Nisbah 95/5 CaP/SA 
telah menunjukkan ciri ketumpatan, kekerasan dan analisis SEM yang optimum telah 
dipilih untuk didopkan dengan Mg. Komposit tersebut kemudian didopkan dengan Mg 
dengan peratus berat yang berbeza (0 wt%, 1.0 wt%, 1.5 wt%, and 2.0 wt%) dengan 
menggunakan kaedah yang sama. Dalam FTIR analisis, penambahan Mg mununjukkan 
penururnan keamatan kumpulan fosfat disebabkan oleh penggantian Mg dalam CaP yang 
juga disokong dalam analisis XRD dimana fasa baru terbentuk menunjukkan 
Mgwhitlockite (Ca2.71Mg0.29(PO4)2 selepas didopkan dengan Mg. Kandungan bahan SA 
dan Mg disahkan dengan analisis EDS dimana ia menunjukkan peningkatan elemen 
apabila kandungan SA dan Mg meningkat. Analisis mikrostruktur daripada SEM selepas 
didopkan dengan 1.5wt% Mg menunjukkan gabungan bijian kecil dan besar dengan nilai 
purata saiz bijirin 2.61 µm, telah menghasilkan nilai kekerasan yang tinggi dengan 5.34 
GPa. Nilai ketumpatan pada peratus bahan yang sama juga menunjukkan peningkatan 
dengan 2.92 g/cm3. Berdasarkan keputusan yang diperolehi, 1.5wt% Mg yang didopkan 
bersama 95/5 CaP/SA menunjukkan peratus gabungan terbaik dari segi sifat fizikal dan 
mekanikal.  
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CHAPTER 1  
INTRODUCTION  
1.1  Research background   
There are more than 6.2 million cases of bone fracture reported due to traumatized, 
damaged or lost bone (Yoshizawa et al., 2014). Due to that, an implant which is made of 
a biomaterial with the structural characteristic of a natural bone is being used as bone 
substitution. The biomaterial can be biological or synthetic biomaterial and can be used to 
replace any tissue, organ, or function in a body. Biological material can be categorised into 
two types, soft and hard tissue. On the other hand, synthetic material can be classified into 
four types, which are metallic, polymeric, ceramic, and composite biomaterials (Teoh, 
2004).  
 A bone is composed of 69% of inorganic material which is calcium phosphate (mainly 
hydroxyapatite), 21% of organic material (collagen and non-collagen), 9% of water and 
1% of various other components (Kini & Nandeesh, 2012; Keaveny, Morgan, & Yeh, 
2004). The most important feature in reconstructive orthopaedic surgery is involving the 
development of materials, which have good biocompatibility with the human body. These 
materials should be able to undergo osteointegration as quickly as possible and without 
side effects. Furthermore, these materials should be able to act as a matrix for growth and 
tissue differentiation after implantation and to reabsorb by the process of biodegradation 
and bone remodelling.  
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The material that fits with all these requirements is composed of calcium 
phosphate. The similarity of calcium phosphate with the minerals in natural bone make it 
important things in repairing hard tissue (Ghosal, 2013). However, it is still lacked in 
mechanical properties (Kalita, Bhardwaj, & Bhatt, 2007). Calcium phosphate (CaP) is a 
type of bioceramic that is mostly used for dental and orthopaedic reconstructive medicine. 
Since 1920, CaP implantation has successfully repair bone defects in human bodies (Kalita 
et al., 2007). However, in early 1980, modern development of CaP-based biomaterials has 
emerged with the commercialisation of synthetic hydroxyapatite (HA) and B-tricalcium 
phosphate in dental and bone tissue applications (Sánchez-Salcedo, Arcos, & Vallet-Regí, 
2008).  
 In order to increase the properties of CaP, biocomposite has been introduced. 
Biocomposite can be define as a combination of two or more different materials arranged 
in a certain method to improve the properties of the material (Hashim, 2013).  
Sodium alginate (SA) is a natural polymer extracted from brown algae (Kuen & 
Mooney, 2012). The properties of SA such as biocompatibility, low toxicity, and low cost 
are very useful in many biomedical applications especially to heal the wound, and for drug 
and protein delivery (Comaposada et al., 2015). Among other biopolymer materials, 
alginate is one of the biopolymer that is usually used in bone tissue engineering as it can 
be easily modified into any form (Venkatesan et al., 2015). Rajkumar, 
Meenakshisundaram, and Rajendran (2011) observed that the addition of SA in 
hydroxyapatite (HA) has successfully improved the hardness and the density of the green 
body sample.  
Magnesium has been used since 200 years ago in biomedical applications, and 
currently came to light in the last 10 years due to the advanced manufacturing and 
processing methods (Yoshizawa et al., 2014). The human body needs a number of metals 
(ions) for normal physiological function including sodium (Na+), potassium (K+), 
magnesium (Mg2+), ferrous (Fe2+), and zinc (Zn2+) (Gerald, 2012).  Magnesium doping in 
CaP-based biomaterial helps in bone cell adhesion, proliferation, and mineralisation, and 
it also can improve the osteogenic properties (Kulanthaivel et al., 2015). Aryal, 
Matsunaga, and Ching (2015) used Ab initio simulation in studying the elastic and 
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mechanical properties of Zn- and Mg- doping. It was observed that Mg- doping is more 
desirable based on the Mg- overall mechanical properties, especially with the 
improvement in elastic properties as compared to Zn- (Aryal et al., 2015). In this current 
research, the properties of CaP were improved by mixing CaP with a natural polymer, 
namely sodium alginate to form a biocomposite and doped with magnesium ion (Mg2+).   
1.2  Problem statement  
The basic materials that can be used in tissue engineering applications are metals, 
polymers, and ceramics.  However, failures in bone implant applications using metals 
(stainless steel, cobalt-chrome alloy, and titanium alloy) and polymer materials 
(polyethylene, poly-methyl-methacrylate) due to the progressive deterioration of the bone 
in contact with the biomaterials were reported. Many factors contribute to this failure, 
such as micromotion, wear debris, infection and stress-shielding (Yarlagadda, 
Chandrasekharan & John, 2005). In addition to that, the usage of metals (zinc and 
titanium) resulted in a higher level of toxicity in the human body that causes discomfort 
to the patient (Bandyopadhyay et al., 2005). In long-term applications, a ceramic material 
(calcium phosphate) was chosen to be used in this research due to its advantages of non-
toxicity, biocompatibility and resorbability. However, it has low mechanical strength 
under load-bearing conditions such as in femur and hips that limit CaP usage to a certain 
bone repair applications only. In order to increase the mechanical and physical properties 
of calcium phosphate, sodium alginate was mixed with the calcium phosphate as a 
biocomposite and doped with magnesium ion (Mg2+).  
1.3  Objectives of the study  
The objectives of this study focus on the following:  
1. To prepare calcium phosphate/sodium alginate (CaP/SA) biocomposite doped 
with magnesium ion (Mg2+) through precipitation method.  
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2. To identify the effects of SA and Mg2+ on calcium phosphate powder properties 
FTIR and XRD.  
3. To determine the effects of magnesium ion (Mg2+) on mechanical and physical 
properties of CaP/SA biocomposite.  
1.4  Scope of study  
This study focuses on the following aspects:  
The first stage (CaP/SA):  
1. Sodium alginate was mixed with calcium phosphate with various ratios of CaP/SA, 
which are 100/0, 99/1, 97/3, 95/5, 90/10, and 80/20 by using precipitation method.  
2. The powder was characterised by using X-ray diffraction (XRD), Fourier 
transform infrared (FTIR), and differential thermal analysis (DTA).   
3. The powder was compacted by using hydraulic compression.  
4. The compacted powder was sintered by using high-temperature furnace at various 
sintering temperatures of 1000 °C and 1100 °C.  
5. Characterisation of the sintered part was analysed based on the density and the 
micro Vickers hardness test.  
The second stage (Mg2+ doping):  
1. The best composition of CaP/SA based on mechanical properties was used for 
Mg2+ doping at various weight percentages of 0, 1, 1.5, and 2.0 wt%.  
2. Mg2+ doping on calcium CaP/SA used precipitation method.   
3. The powder was characterised by using Fourier transforms infrared (FTIR) and X-
ray diffraction (XRD).  
4. The powder was then compacted by using Carver hydraulic compression and 
sintered by using high-temperature furnace at 1000 °C.  
5. The micro Vickers hardness test and the density, as well as scanning electron 
microscope (SEM-Hitachi), were used to characterise the sintered part.   
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1.5  Summary  
The addition of SA and Mg was used to increase the properties of CaP. The objective is 
done to identify the effect of these materials on CaP at different weight percentage of SA 
and Mg. There were two stages of scopes that need to follow in this study in order to 
achieve the objectives. The first stage belongs to CaP/SA biocomposite and the second 
stage showed the Mg doping. The second stage was start after selected the best 
combination of CaP/SA (1st stage) based on the analyses and testing were done.   
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CHAPTER 2  
LITERATURE REVIEW  
2.1   Bones  
Human adult skeleton contains 206 bones in various sizes and can reach up to 450 mm in 
length. The skeleton system consists of bones and connective tissue that include cartilage, 
tendons, and ligaments. Bones have a combination of inorganic and organic elements that 
provide strong bone tissues. Around 60% to 70% of the bone tissues contain mineral 
calcium, phosphate, and collagen, while the remaining percentage contains inorganic 
elements and water (Keaveny et al., 2004).   
There are three major functions of a bone, which is to support tissues in the body, 
to protect the surrounding organs, and acts as a mineral storage, where some minerals in 
the blood (calcium and phosphorus) are stored in bones. These minerals are released back 
when the amount of minerals in blood decreased. A bone also acts as a blood cell 
production where cavities in the bone are filled with red bone marrow that can produce 
blood cell and platelets (VanPutte, Regan, & Russo, 2013).  
2.1.1 Bone physical properties  
There are many types of bones, which are long bones, flat bones, short bones, irregular 
bones, and sesamoid bones. The long bones are longer and wider bones as compared to 
other types of bones such as the upper and the lower limbs. Meanwhile, short bones are 
the contrast of the long bones where these bones are flat and large, and the wide and the 
length are the same such as at the wrist and ankle. Another type of bones is flat bones 
where these bones have thin and flat shape, for example, the skull bone, ribs, the scapula, 
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and the sternum. Irregular bones have irregular shapes such as the vertebrae and the facial 
bone (VanPutte et al., 2013).    
Among all these types of bones, long bones are usually used to illustrate the part 
of a typical bone. The structure of a long bone shows that the main structure of a bone is 
diaphysis, proximal epiphysis, and distal epiphysis are shown in Figure 2.1. Diaphysis is 
the central shaft between the epiphysis and inside the diaphysis are cavities called 
medullary cavity. The spaces are filled with yellow and red marrow, consist of adipose 
tissue and blood-forming cell, respectively. The bones that are still growing have an 
epiphyseal plate, where it becomes the epiphyseal line when the bone growth stops. The 
outer surface of the bones is mostly covered by dense connective tissues called periosteum 
that contain blood vessels and nerves. Meanwhile, endosteum is a thinner connective 
tissue placed at the outer surface of medullary cavity (VanPutte et al., 2013).   
  
  
Figure 2.1: The structure of long bone (VanPutte et al., 2013)  
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2.1.2 Mechanical properties of bones  
Bones contain collagen and minerals including calcium and phosphate. The collagen 
fibres provide the bone with hardness as steel bars in concrete and flexible in strength. 
Bones mechanical properties and the characteristics of each property shown in Table 2.1. 
Based on this table was showed the function these mechanical properties in human bone.   
  
Table 2.1: Mechanical properties of bones (Dalla, 2012)   
Mechanical Properties  Characteristics  
Anisotropic    Bone behaviour changes depending on the direction of the load applied.  
 The bone can accept higher load applied in longitudinal direction compared 
to the load applied to the bone surface.  
Viscoelastic   The bone can respond differently depending on the speed and the length of the 
load applied.  
Elastic Response   The bone can deform up to 3% by a change in the extent or angular when the 
first load is applied, but it will return to the original format or extent when the 
load is removed.  
Plastic Response   The bone can experience micro-break and disconnection when the bone tissues 
start to deform permanently if the load applied continuously in the non-elastic 
phase.   
Strength   The bone starts to fail when applied with a high load exceeding the limit each 
bone can bear.    
Hardness   Bone starts to yield and deform non-uniformly when the load applied. The 
highest load imposed to the bone resulting in higher deformation. The bone 
starts to fail when the load applied exceeds the elastic limits.   
  
  
There are two components of bone mostly studied previously, which are 
cancellous bone and cortical bone. Cancellous, which also known as a trabecular or 
spongy bone, is less dense as compared to the cortical bone, and because of that, 
cancellous bone has a lower modulus of elasticity and higher strain to failure than the 
cortical bone (R.Z LeGeros & LeGeros, 2013). Meanwhile, cortical bone, which also 
known as dense or compact bone, is the outer shell of most bone surrounding cancellous 
bone (Kini & Nandeesh, 2012). Table 2.2 shows the mechanical properties of cortical 
bone, cancellous bone, articular cartilage, and tendon (R.Z LeGeros & LeGeros, 2013). 
The density and the hardness of bone recorded based on previous studies were observed 
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at the range of 1.5 to 2.2 g/cm3 (Keaveny et al., 2004) and 0.4 to 0.8 GPa, respectively 
(Wang et al., 2006).    
Table 2.2: Mechanical properties of skeletal tissue (LeGeros, 2013; Wang et al., 2006)  
Property  Cortical Bone  Cancellous Bone  Articular Cartilage  Tendon  
Compressive Strength, MPa  100-230  2-12  N/A  N/A  
Flexural Tensile Strength, MPa  50-150  10-20  10-40  80-120  
Strain to Failure, %  1-3  5-7  15-50  10  
Young’s (Tensile) Modulus, 
GPa  
7-30  0.5-0.05  0.001-0.0  1  
Fracture Toughness(K1c),   
MPa m1/2  
2-12  N/A  N/A  N/A  
Compressive Stiffness, Nmm-1  N/A  N/A  20-60  N/A  
Compressive Creep Modulus, 
MPa  
N/A  N/A  4-15  N/A  
Tensile Stiffness, MPa  N/A  N/A  50-225  N/A  
Hardness, GPa  0.811-0.892  0.410-0.528  N/A  N/A  
  
2.2  Biomaterial  
Among the four types of biomaterials, polymeric materials are the most commonly used 
to replace soft tissues. Meanwhile, other materials are used in the replacement of hard 
tissue. The four types of biomaterials that are usually used in soft and hard tissue 
replacement are shown in Table 2.3. The polymeric biomaterial is widely used for joint 
replacement, soft tissue replacement, ophthalmology, and sutures. On the contrary, the 
metallic biomaterial is being used for bone and joint replacement, as well as dental 
applications. Most of the bone repair and replacement applications used ceramic 
biomaterials due to the tissue responses that have the following characteristics: bioinert 
(material that has minimal interaction with the surrounding tissue), bioactive (material 
that are capable to interact with the natural process of bone remoulding), and bioresorbable 
(material that can dissolve or resorbed and slowly replace the space for the formation of a 
new bone) (Teoh, 2004)  
  
Table 2.3: Classifications of biomaterial (Teoh, 2004)  
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